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SPECIFICATION 



SURVEYING INSTRUMENT 

FIELD OF THE INVENTION 

The present invention relates to a surveying instrument 
capable of measuring a distance to a point of measurement 
target and of acquiring an image. 



BACK GROUND ART 

As a device for automatically measuring a position of a 
measurement target, an automatic surveying instrument has 
been known in the past, which comprises an automated total 
station comprising a distance measuring unit. 

Referring to Fig. 7, description will be given below on 
a conventional type automatic surveying instrument. 

A base unit 2 is disposed on a leveling unit 1. A frame 
unit 4 is mounted on the base unit 2 via a horizontal 
rotation shaft 3 so that it can be rotated in a horizontal 
direction. A body tube 6 is mounted on the frame unit 4 via 
a vertical rotation shaft 5 so that it can be rotated in a 
vertical direction . 

A horizontal rotation gear 7 is mounted on the 
horizontal rotation shaft 3, and a horizontal rotating motor 
8 is mounted on the base unit 2. A horizontal rotating 
driving gear 9 is engaged on an output shaft of the 
horizontal rotating motor 8, and the horizontal rotating 
driving gear 9 is engaged with the horizontal rotating gear 7. 
A horizontal angle detecting encoder 11 is provided between 
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the horizontal rotation shaft 3 and the base unit 2. 

The frame unit 4 is rotated in a horizontal direction by 
the horizontal rotating motor 8 via the horizontal rotating 
driving gear 9 and the horizontal rotating gear 7. A 
rotation angle is detected by the horizontal angle detecting 
encoder 11. 

A vertical rotating gear 12 is engaged on the vertical 
rotation shaft 5. A vertical rotating motor 13 is mounted on 
the frame unit 4. A vertical rotating driving gear 14 is 
mounted on an output shaft of the vertical rotating motor 13, 
and the vertical rotating driving gear 14 is engaged with the 
vertical rotating gear 12. A vertical angle detecting 
encoder 15 is provided between the vertical rotation shaft 5 
and the frame unit 4 . 

The body tube 6 is rotated in a vertical direction by 
the vertical rotating motor 13, and an angle in a vertical 
direction is detected by the vertical angle detecting encoder 
15. 

In the body tube 6, there are provided a collimating 
telescope 16, a distance measuring unit (not shown) , and a 
tracking means for tracking a prism reflector (an object to 
be measured) installed on a measurement target. In the frame 
unit 4, there are provided a tilt sensor (not shown) for 
detecting tilt, the horizontal rotating motor 8, the vertical 
rotating motor 13, a control unit (not shown) for driving and 
controlling the distance measuring unit (not shown) , an 
operation unit for operating the surveying instrument, a 
display unit (not shown) for displaying operating conditions, 
measurement results, etc., and a battery (not shown) for 
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supplying electric power to the control unit, the horizontal 
rotating motor 8, and the vertical rotating motor 13. 

In the conventional type surveying instrument as 
described above, as a construction for acquiring an image 
data in a collimating direction, an image sensor (not shown) 
is mounted on an ocular element of a collimating telescope 16 
of the body tube 6 so that an image obtained through the 
collimating telescope 16 is outputted as an electric signal 
by the image sensor. 

While monitoring a signal from the horizontal angle 
detecting encoder 11, the control unit drives the horizontal 
rotating motor 8 and rotates the frame unit 4 in a horizontal 
direction. While monitoring a signal from the vertical angle 
detecting encoder 15, it drives the vertical rotating motor 
13 and rotates the body tube in a vertical direction. The 
collimating telescope 16 is collimated in a predetermined 
direction. A distance to the object to be measured is 
measured, or a data of an image around the measurement taget 
is acquired. 

In recent years, there have been growing demands on the 
needs for the image data in association with the distance 
measuring data. For instance, the distance measuring data is 
displayed together with the image of the measuring point in 
order that the measuring point can be visually identified. 
Further, not only the image of the measuring point but also 
the image around the measuring point is often required. In 
addition, there are also demands on the needs for the 
distance measuring data using the image data as positional 
data by making the acquisition of the image data as the 
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primary purpose. 

The conventional type automatic surveying instrument 
basically performs measurement by accurately collimating the 
measurement target. The image data obtained by the 
conventional type automatic surveying instrument is acquired 
through the collimating telescope 16. It is the image within 
a very limited range including the measurement target, and it 
is a secondary data relating to the measuring point. 

Further, the conventional type automatic surveying 
instrument performs surveying operation by collimating the 
measuring point one by one, and it is difficult to acquire 
the data by quickly changing the measuring point. When the 
measuring point is changed, it is impossible to continuously 
acquire the image during the process of change. 

The continuous image data is often required when a 
bird's eye view image is to be prepared. In such case, the 
automatic surveying instrument must be installed at a 
position higher than the ground surface. In the conventional 
type, the data necessary for operating the automatic 
surveying instrument such as measuring condition, data 
acquiring condition, etc. must be directly inputted to the 
surveying instrument. The surveying operator must go up each 
time to a point where the automatic surveying instrument is 
installed, and it has been inconvenience. 

Under the above circumstances, it is an object of the 
present invention to provide a surveying instrument, by which 
it is possible to acquire continuous image data in wider 
range and which has high maneuverability and good working 
efficiency. 
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DISCLOSURE OF THE INVENTION 

The present invention provides a surveying instrument, 
comprising a surveying instrument main unit which projects a 
measuring light to an object to be measured and measures a 
position based on a reflection light from the object to be 
measured and an operation device which is removably attached 
on the surveying instrument main unit, wherein the surveying 
instrument main unit comprises a distance measuring unit for 
emitting the measuring light and for measuring a distance, an 
image pickup unit for acquiring an image, a reflection mirror 
rotatably mounted and used for directing the measuring light 
toward the object to be measured, for directing the reflected 
light from the object to be measured toward a light receiving 
unit, and for directing the image in a projecting direction 
toward the image pickup unit, a detecting means for detecting 
a rotating position of the reflection mirror, and a control 
unit for controlling at least the distance measuring unit, 
the image pickup unit and the rotating position of the 
reflection mirror, and wherein -the operation device comprises 
a display unit for displaying the image acquired by the image 
pickup unit. Also, the present invention provides the 
surveying instrument as described above, wherein there is 
provided a leveling unit for adjusting tilt and for setting 
the surveying instrument main unit to a horizontal or a 
vertical position, and the operation device comprises 
operation switches for operating the leveling unit. Further, 
the present invention provides the surveying instrument as 
described above, wherein radio communication can be performed 
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between the surveying instrument main unit and the operation 
device via transmitter/receivers, and the surveying 
instrument main unit can be operated from the operation 
device furnished separately. Also, the present invention 
provides a surveying instrument, comprising a surveying 
instrument main unit which projects a measuring light to an 
object to be measured and measures a position based on a 
reflection light from the object to be measured and an 
operation device, wherein the surveying instrument main unit 
comprises a distance measuring unit for emitting the 
measuring light and for measuring a distance, an image pickup 
unit for acquiring an image, a reflection mirror rotatably 
mounted and used for directing the measuring light toward the 
object to be measured, for directing the reflected light from 
the object to be measured toward a light receiving unit, and 
for directing the image in a projecting direction toward the 
image pickup unit, detecting means for detecting a rotating 
position of the reflection mirror, a control unit for 
controlling at least the distance measuring unit, the image 
pickup unit and the rotating position of the reflection 
mirror, and a first transmitter/receiver for receiving an 
operation signal for operation via the control unit and for 
transmitting an image data acquired by the image pickup unit, 
and wherein the operation device comprises a display unit and 
an operation unit to be operated according to programs, and a 
second transmitter/receiver being enable to operate the 
surveying instrument main unit from the operation device, 
enable to display the image data acquired by the image pickup 
unit, and capable to perform communication to and from the 
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first transmitter /receiver . Further, the present invention 
provides the surveying instrument as described above, wherein 
the instrument comprises a leveling unit for adjusting tilt 
and for setting the surveying instrument main unit to a 
horizontal or a vertical position, and the leveling unit can 
be controlled by the operation device. Also, the present 
invention provides the surveying instrument as described 
above, wherein the operation device comprises an operation 
unit to be operated according to programs, and a display unit 
for displaying the image data, the programs are provided with 
a function to indicate operation procedure for surveying 
operation to the display unit, and the surveying instrument 
main unit is controlled according to the displayed operating 
procedure. Further, the present invention provides the 
surveying instrument as described above, wherein the first 
and the second transmitter/receivers transmit and receive 
data to and from each other, in which data for communication 
are established based on a common protocol. Also, the 
present invention provides the surveying instrument as 
described above, wherein a distance measuring data and an 
image data with respect to the object to be measured are 
acquired from two or more directions, and a 3-dimensional 
image of the object to be measured is composed based on the 
distance measuring data and the image data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional elevation view of an 
embodiment of the present invention. Fig. 2 shows an 
embodiment of the present invention, and it is a cross- 
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sectional elevation view when a reflection mirror is rotated. 
Fig. 3 is a control block diagram of the embodiment of the 
present invention. Fig. 4 is a schematical drawing to 
explain the embodiment of the present invention in surveying 
operation. Fig. 5 is a control block diagram of another 
embodiment of the invention. Fig. 6 is a perspective view to 
explain an operation device of another embodiment of the 
invention. Fig. 7 is a partially cutaway front view of a 
conventional example . 

BEST MODE FOR CARRYING OUT THE INVENTION 

Description will be given below on embodiments of the 
present invention referring to the drawings. 

A surveying instrument 20 comprises a surveying 
instrument main unit 21, a leveling unit 59, and an operation 
device 67 removably mounted on a main unit case 22. 

First, the surveying instrument main unit 21 will be 
described. 

A recessed portion 23 is formed on an upper surface of 
the main unit case 22. On the recessed portion 23, a hole 25 
is formed so that a flange 24 is provided around it. A 
flanged hollow shaft 26 is mounted in the flange 24 
concentrically with the hole 25, and a rotating unit 27 is 
rotatably engaged on the flanged hollow shaft 26 via bearings 
28. On the rotating unit 27, a pattern ring 29 for an 
encoder is arranged perpendicularly to a rotation shaft of 
the rotating unit 27. A detector 30 is provided on an inner 
peripheral wall surface of the recessed portion 23 to face 
the pattern ring 29. The detector 30 and the pattern ring 29 
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make up together a horizontal angle encoder 31. 

Inside the main unit case 22, an optical type tilt 
measuring unit 32 is arranged so as to oppose the pattern 
ring 29 on the opposite side of the flange 24 from the 
pattern ring 29. The tilt measuring unit 32 emits a tilt 
detecting light to the pattern ring 29 through the window 
hole 33 formed on the flange 24. The tilt measuring unit 32 
has a free liquid surface in it so that a relative angle 
between the free liquid surface and the pattern ring 29, i.e. 
a tilt angle of the pattern ring 29 with respect to a 
horizontal line, can be detected through comparison of a 
reflection light from the free liquid surface with a 
reflection light from the pattern ring 29. The result of the 
detection at the tilt measuring unit 32 is inputted to a 
control unit 74 as to be described later. 

A worm wheel 34 is engaged on an upper end of the 
rotating unit 27. A horizontal rotating motor 35 is arranged 
on an upper surface of the main unit case 22, and a worm gear 
36 mounted on an output shaft of the horizontal rotating 
motor 35 is engaged with the worm wheel 34 . 

A pair of brackets 37 and 37 placed at positions 
opposite to each other are erected on an upper surface of the 
rotating unit 27, and a horizontal rotation shaft 38 is 
rotatably mounted between the brackets 37 and 37. A pattern 
ring 39 of an elevation angle encoder 41 is fixed on one end 
of the horizontal rotation shaft 38, and a detector 40 to 
match the pattern ring 39 is provided on the rotating unit 27. 
A worm wheel 42 is engaged on the other end of the horizontal 
rotation shaft 38, and a vertical rotating motor 43 is 
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mounted on the upper surface of the rotating unit 27. A worm 
gear 44 engaged with an output shaft of the vertical rotating 
motor 43 is engaged with the worm wheel 42. 

A reflection mirror 45 is fixed on the horizontal 
rotation shaft 38. 

A body tube 4 6 is mounted on a lower end of the flanged 
hollow shaft 26, and the body tube 4 6 is coaxial with the 
flanged hollow shaft 26. Along a center line of the body 
tube 46, there are provided from above the following 
components: an objective lens 47 , a small mirror 48, a 
dichroic prism 49 for reflecting a light beam of a 
predetermined wavelength range, and an image light receiving 
unit 51. As the image light receiving unit 51, a CCD sensor 
is used, for instance . 

A condenser lens 52 and a light emitting unit 53 for 
image acquisition are arranged along an optical axis of a 
reflection light from the small mirror 48. A measuring light 
emitting unit 54 is placed on one side opposing to the 
dichroic prism 49, and a measuring light detecting unit 55 is 
disposed on the other side opposing to the dichroic prism 49. 

The light emitting unit 53 for image acquisition and the 
image light receiving unit 51 make up together an image 
pickup unit 50. The measuring light emitting unit 54 and the 
measuring light detecting unit 55 make up together a distance 
measuring unit 56. 

Reference numeral 74 denotes a control unit comprising a 
power source unit such as a battery. 

On the upper surface of the main unit case 22, there is 
provided a cover 57, which watertightly covers the reflection 
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mirror 45, the horizontal rotating motor 35, etc. The cover 
57 is made of a transparent material such as glass. 

Next, description will be given on the leveling unit 59. 

A pillar 61 is erected on a base 60. The pillar 61 has 
its tip designed in a spherical shape, and its tip is 
tiltably engaged with a recess formed on a lower surface of 
the main unit case 22. At positions of other two vertexes of 
a triangle, which has its top vertex at a position of the 
pillar 61, level adjusting screws 62 (one of them is not 
shown in the figure) which are screwed in and penetrating 
through the bottom surface of the main unit case 22 are 
disposed. On upper ends of the level adjusting screws 62, 
gears 63 are mounted. A level adjusting motor 64 is arranged 
on the bottom surface of the main unit case 22, and a pinion 
gear 65 is mounted on an output shaft of the level adjusting 
motor 64. The pinion gear 65 is engaged with the gears 63. 
The level adjusting motor 64 is driven and controlled by the 
control unit 74. 

The operation device 67 comprises a transmitter/receiver 
68 capable of performing data communication via radio with a 
transmitter/receiver 75, and, further, comprises an operation 
unit 69 and a display unit 70. 

Now, description will be given on the control unit 74 
referring to Fig. 3. 

The control unit 74 comprises the transmitter/receiver 
75, an arithmetic unit (CPU) 76, a storage unit 77, an image 
data control processor 78, a distance measuring data control 
processor 79, an angle calculating unit 81, a motor driving 
unit 82, etc. 
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The storage unit 77 comprises a program necessary for 
automatic tracking of an object to be measured (reflection 
prism) 72, and a sequence program necessary for compensating 
the measuring route data from the position of the object to 
be measured on the image distance measurement and angle 
measurement, and image acquisition, and a program for 
displaying operation guidance to improve working efficiency 
of a surveying operator . 

The image data control processor 78 converts a signal 
obtained at the image pickup unit 50 to a signal required 
such as image data and outputs it to the arithmetic unit 76. 
The distance measuring data control processor 79 calculates a 
distance measuring data to the object to be measured 72 based 
on the signal obtained at the distance measuring unit 56, and 
this is outputted to the arithmetic unit 76. 

Based on the signals from the horizontal angle encoder 
31 and from the elevation angle encoder 41, the angle 
calculating unit 81 calculates a projecting direction of a 
measuring light, and the result of the calculation is 
inputted to the arithmetic unit 76. Also, from the tilt 
measuring unit 32, vertical condition of a central axis of 
the body tube 4 6, i.e. an optical axis 83, is inputted to the 
arithmetic unit 76. 

The arithmetic unit 7 6 records the data from each of the 
image data control processor 78 and the distance measuring 
data control processor 7 9 in the storage unit 77, or the 
image data is associated with the distance measuring data, 
and this is recorded in the storage unit 77. 

Description will be given below on operation. 
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As shown in Fig. 4, the surveying instrument 20 is 
installed, for instance, on a tripod 84 of about several 
meters in height, or it is installed on a known structure 
(not shown) . 

The operation device 67 can be freely attached to or 
detached from the surveying instrument main unit 21. The 
surveying instrument 20 can be operated with the operation 
device 67 mounted on the surveying instrument main unit 21. 

As shown in Fig. 4, in case the surveying instrument 20 
is installed at a place, to which the surveying operator 
cannot gain access, the operation device 67 is detached from 
the surveying instrument main unit 21, and it is operated by 
remote control operation. 

The surveying instrument 20 is installed at a known 
point via the tripod 84. When data such as measuring 
conditions are inputted by the operating unit 69 of the 
operating device 67, a command signal is issued from the 
transmitter/receiver 68, and it is received at the 
transmitter/receiver 75 . 

The received signal is inputted to the arithmetic unit 
76. The arithmetic unit 7 6 starts a measurement program 
recorded in the storage unit 77. 

When the measurement is started, the measurement program 
carries out leveling operation of the surveying instrument 
main unit 21. Leveling operation is performed separately 
from the surveying operation so that the leveling operation 
can be carried out independently. Operation switches (not 
shown) for the leveling operation are arranged on the 
operation device 67. The conditions of the leveling 
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operation are transmitted from the transmitter/receiver 75, 
and the leveling conditions are displayed on the display unit 
70. 

When the leveling operation is started, the arithmetic 
unit 76 drives and controls the level adjusting motor 64 via 
the motor driving unit 82 based on the signal from the tilt 
measuring unit 32, and tilting of the surveying instrument 
main unit 21 is corrected so that the optical axis 83 is 
directed to the vertical line. 

The image pickup unit 50 is driven via the image data 
control processor 78. A measuring light is emitted from the 
measuring light emitting unit 54. The measuring light is 
reflected by the dichroic prism 4 9 and is directed toward the 
reflection mirror 45. The distance measuring unit 56 is 
driven via the distance measuring data control processor 79. 
A light for image acquisition is emitted from the light 
emitting unit 53 for image acquisition. It is reflected by 
the small mirror 48 and is directed toward the reflection 
mirror 45. 

In parallel to the above operation, the horizontal 
rotating motor 35 and the vertical rotating motor 43 are 
driven via the motor driving unit 82, and the reflection 
mirror 45 is rotated horizontally and vertically. The light 
for image acquisition to track and measure the object to be 
measured 72 irradiated via the reflection mirror 45 is 
reflected by the object to be measured 72. The light enters 
the image light receiving unit 51 via the reflection mirror 
45. 

In response to the horizontal rotation and vertical 
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rotation of the reflection mirror 45, the image pickup unit 
50 acquires the image. Based on the image acquired from the 
image pickup unit 50, the image data control processor 78 
identifies the object to be measured 72. Then, the position 
in the image is calculated, and this is inputted to the 
arithmetic unit 76. The arithmetic unit 76 calculates and 
determines the direction of the object to be measured 72 from 
the position of the object to be measured 72 in the image and 
from an elevation angle and a horizontal angle acquired from 
the angle calculating unit 81 at the moment. 

Based on the direction of the object to be measured 72 
thus calculated and determined, the horizontal rotating motor 
35 and the vertical rotating motor 4 3 are driven, and the 
measuring light emitted from the light emitting unit 53 for 
image acquisition is directed toward the object to be 
measured 72 via the reflection mirror 45. 

The reflected measuring light from the object to be 
measured 72 is received by the measuring light detecting unit 
55. Based on a signal from the measuring light detecting 
unit 55, the distance measuring unit 56 measures a distance 
to the object to be measured 72. 

The measured distance is associated with the elevation 
angle, the horizontal angle and the image data and it is 
recorded in the storage unit 77. Also, it is sent to the 
operation device 67 via the transmitter/receiver 75. On the 
display unit 70, the distance measuring data such as the 
measured distance, the elevation angle, the horizontal angle, 
etc. are displayed together with an image of the surroundings 
including the object to be measured 72. 
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When it is wanted to acquire an image in wider range 
around the object to be measured 72, the reflection mirror 45 
is rotated by horizontal rotation and vertical rotation in 
the required range of angle around the object to be measured 
72. Each time the direction of the reflection mirror 45 is 
changed by a predetermined angle, an image is acquired by the 
image pickup unit 50, and the image is turned to data by the 
image data control processor 78. The horizontal angle and 
the elevation angle at the time of image acquisition are 
detected via the horizontal angle encoder 31, the elevation 
angle encoder 41, and the angle calculating unit 81. The 
detected horizontal angle and elevation angle are associated 
with the acquired image data, and they are recorded in the 
storage unit 77. 

By composing the acquired image data, an image in wider 
range can be obtained. 

Next, the tripod 84 is moved to another known point to 
change the position of the surveying instrument 20. 
Surveying operation is performed on the object to be measured 
72 from a different direction, and an image data of the 
surroundings including the object to be measured 72 is 
acquired with respect to the object to be measured 72. 

Where there are two or more objects to be measured 72, 
the same procedure is performed to acquire the distance 
measuring data and the image data one after another. 

When the distance measuring data and the image data are 
acquired of the object to be measured 72 from two directions 
and the data are composed, a 3-dimensional image can be 
obtained. 
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Fig. 5 and Fig. 6 show another embodiment of the 
invention. In the figures, the same component as shown in 
Fig. 3 is referred by the same symbol, and detailed 
description is not given here. 

In this another embodiment, the surveying instrument 
main unit 21 is operated by a general-purpose operation 
device 85 instead of the operation device 67. In this case, 
the operation device 67 may be fixed on the surveying 
instrument main unit 21 or it may not be used. 

As the operation device 85, a device such as a notebook- 
sized personal computer may be used, which comprises a 
display unit 86, an operation unit 87, and a storage unit 88. 
Or, a smaller-size PDA, etc. may be used. An operation 
software 91 for operating the surveying instrument 20 is 
stored in the storage unit 88 such as a hard disk of the 
operation device 85. A transmitter/receiver 89, for instance, 
a card-type transmitter/receiver 89, is inserted in a card 
slot of the notebook-sized personal computer. The operation 
software 91 has functions to process the data transmitted 
from the surveying instrument 20 and to display the data on 
the display unit 86. The operation software 91 is provided 
with a function of operation guidance to improve working 
efficiency of the surveying operator and displays the details 
of necessary operation along with the flow of operation. 

When the operation software 91 is started from the 
operation unit 87 and the measuring conditions, etc. are 
inputted, a command signal is issued from the 
transmitter/receiver 89, and the command signal is received 
by the transmitter/receiver 75. 
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The received signal is inputted to the arithmetic unit 
76, and the arithmetic unit 76 starts the measurement program 
recorded in the storage unit 77. 

When the measurement is started, the leveling of the 
surveying instrument main unit 21 is performed. Then, the 
distance measuring data and the image data are acquired in 
the same manner as given above. The distance measuring data 
and the image data thus acquired are transmitted from the 
transmitter/receiver 75 and are received by the 
transmitter /receiver 8 9 and are incorporated in the operation 
device 85. For the transmission and receiving between the 
transmitter/receiver 75 and the transmitter/receiver 89, a 
digital signal is used, which has the data for communication 
established based on a common protocol. 

When the general-purpose operation device 85 is used as 
the operation device, a large amount of data can be recorded 
if the measured distance data and the image data are stored 
in the storage unit 88 on the side of the operation device 85. 
Further, it is possible to perform the data processing such 
as image composite in parallel with the surveying operation, 
and this contributes to the higher working efficiency. 

INDUSTRIAL APPLICABILITY 

As described above, the present invention provides a 
surveying instrument, comprising a surveying instrument main 
unit which projects a measuring light to an object to be 
measured and measures a position based on a reflection light 
from the object to be measured and an operation device which 
is removably attached on the surveying instrument main unit, 
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wherein the surveying instrument main unit comprises a 
distance measuring unit for emitting the measuring light and 
for measuring a distance, an image pickup unit for acquiring 
an image, a reflection mirror rotatably mounted and used for 
directing the measuring light toward the object to be 
measured, for directing the reflected light from the object 
to be measured toward a light receiving unit, and for 
directing the image in a projecting direction toward the 
image pickup unit, a detecting means for detecting a rotating 
position of the reflection mirror, and a control unit for 
controlling at least the distance measuring unit, the image 
pickup unit and the rotating position of the reflection 
mirror, and wherein the operation device comprises a display 
unit for displaying the image acquired by the image pickup 
unit. As a result, it is possible to acquire a continuous 
image data in wider range and to compose a 3-dimensional 
image by acquiring image data of the object to be measured 
from two or more directions, and high maneuverability and 
high working efficiency are secured. 
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